JEuropiW 
European 
Office eur 


es Patentamt 
Patent Office 
uropeen des brevets 



(11) 


EP 0 869 257 A2 


(12) 


EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

(51) IntCI.^: E21B 33/16 

07.10.1998 Bulletin 1998/41 

(21) Application number: 98302497.7 


(22) Date of filing: 31.03.1998 


(84) Designated Contracting States: 

(/d) Inventor. Norin, Jonn u. 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 

Inverurie AB51 3XF, Aberdeenshire (GB) 

NL PT SE 


Designated Extension States: 

(74) Representative: Wain, Christopher Paul et al 

AL LT LV MK RO SI 

A.A. THORNTON & CO. 


Northumberland House 

(30) Priority: 31,03.1997 US 828865 

303-306 High Holborn 


London WC1V7LE(GB) 

(71) Applicant: Halliburton Energy Services, Inc. 


Duncan, Oklahoma 73536 (US) 



(54) Primary well cementing 


CM 
< 

o> 

CO 
00 

o 

LU 


(57) Primary welt cementing comprises releasing a 
displacement plug (18) into well casing (12) to be ce- 
mented and pumping a first displacement fluid (28) be- 
hind the displacement plug (IB) while measuring the 
quantity of the first displacement fluid (28) required to 
land the displacement plug on a float collar (24) or the 
like connected near the bottom of the casing, releasing 
a bottom cementing plug (20) into the casing and pump- 
ing a cement slurry (36) behind the bottom cementing 
plug in a predetermined quantity and then releasing a 
top cementing plug (22) into the casing (12) and pump- 
ing a second displacement fluid (38) behind the top ce- 
menting plug in a quantity substantially equal to the 
measured quantity of the first displacement fluid thereby 
ensuring that the cement slurry is not under or over dis- 
placed in the annulus between the casing and the well 
bore. 
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Description 

The present invention relates to primary well ce- 
menting and. more particularly, to a method and appa- 
ratus for cementing casing and liners in well bores. 

In cementing casing or liners (both referred to here- 
inafter as "casing") in well bores (a process known as 
primary cementing), a cement slurry is pumped down- 
wardly through the casing to be cemented and then up- 
wardly into the annulus between the casing and the 
walls of the well bore. Upon setting, the cement bonds 
the casing to the walls of the well bore and restricts fluid 
movement between formations or zones penetrated by 
the well bore. 

Prior to a primary cementing operation, the casing 
is suspended in a well bore and both the casing and the 
well bore are usually filled with drilling fluid. In order to 
reduce contamination of the cement slurry at the inter- 
face between it and the drilling fluid, a cementing plug 
for sealingly engaging the inner surfaces of the casing 
is pumped ahead of the cement slurry whereby the ce- 
ment slurry is separated from the drilling fluid as the ce- 
ment slurry and drilling fluid ahead of it are displaced 
through the casing. The cementing plug wipes the drill- 
ing fluid from the walls of the casing and maintains a 
separation between the cement slurry and drilling fluid 
until the plug lands on a float collar attached near the 
bottom end of the casing. 

The cementing plug which precedes the cement 
slurry and separates it from drilling fluid is referred to 
herein as the "bottom plug." When the predetermined 
required quantity of the cement slurry has been pumped 
into the casing, a second cementing plug, referred to 
herein as the "top plug", is released into the casing to 
separate the cement slurry from additional drilling fluid 
or other displacement fluid used to displace the cement 
slurry. 

When the bottom plug lands on the float collar at- 
tached to the casing, a valve mechanism opens which 
allows the cement slurry to proceed through the plug 
and the float collar upwardly into the annular space be- 
tween the casing and the well bore. The design of the 
top plug is such that when it lands on the bottom plug it 
shuts off fluid flow through the cementing plugs which 
prevents the displacement fluid from entering the annu- 
lus. After the top plug lands, the pumping of the displace- 
ment fluid into the casing is often continued whereby the 
casing is pressured up and the casing and associated 
equipment including the pump are pressure tested for 
leaks or other defects. 

When the volume of the displacement fluid utilized 
for displacing the cement slurry down the casing and 
into the annulus Is incorrect, over displacement or under 
displacement of the cement slurry occurs. When the ce- 
ment slurry is over displaced into the annulus. a bottom 
portion of the casing is not cemented in the well bore. 
As a result, when drilling is resumed below the cement- 
ed casing, one or more of the casing joints making up 


the uncemented portion of the casing may be unthread- 
ed and disconnected from the cemented casing. This 
and other failures of the casing due to defective cement- 
ing can result in the necessity for the implementation of 

5 very costly and time consuming remedial procedures. 
When the cement slurry is under displaced whereby a 
portion of the cement slurry remains inside the casing, 
an upper portion of the casing is not cemented in the 
well bore and costly extra drilling is required to drill out 

w the excess cement within the casing. Also, when the ce- 
ment slurry is under displaced, the top cementing plug 
does not land on the float collar and pressure testing of 
the casing can not be accomplished without setting a 
packer for that purpose. The setting of a packer increas- 
es es the time required for pressure testing and adds ap- 
preciable cost to the drilling operation. Also= the practice 
of setting a packer and testing may damage the casing, 
especially if high pressures are applied. 

The exact volume of displacement fluid required to 

20 land the top cementing plug on the float collar and dis- 
place the correct quantity of cement slurry into the an- 
nulus is generally very difficult to determine. The reason 
for this is that the exact size of the casing string is not 
always known or the manufactured size can be incor- 

25 rect. In the drilling of deep wells, the exact volume of 
displacement fluid required is often difficult to calculate 
due to the compressibility of the drilling fluid. Also/the 
technique used to measure the volume of the displace- 
ment fluid as the cement slurry is displaced into the an- 

30 nulus is often inaccurate. For example, one commonly 
used technique is to count the strokes of the pump used 
to pump the displacement fluid and then multiply the 
number of strokes by a theoretical volume per stroke. 
This technique is highly subject to error and is often in- 

35 accurate. 

Because of the substantial risk of over displace- 
ment of the cement slurry and the consequences there- 
of, most drilling rig operators utilize a float shoe at the 
bottom of the casing to be cemented and a float collar 

•io above the float shoe with a relatively long length of cas- 
ing in between. The casing between the float collar and 
the float shoe is referred to in the art as the "shoe track". 
The displacement fluid volume utilized is based on a the- 
oretical volume to cause the lop cementing plug to reach 

-^5 the float collar plus 50% of the volume of the shoe track. 
This technique often leaves a significant amount of extra 
cement in the shoe track and sometimes in the casing 
above the shoe track which must be drilled out. Howev- 
er, the operators prefer to drill out extra cement than run 

50 the risk of over displacement and the consequences it 
causes. Also, in an abundance of caution, some opera- 
tors have increased the length of the shoe track from a 
nominal length of from about 40 to 80 feet to a length as 
great as 300 feet. This causes more time to be spent 

55 drilling a longer shoe track full of set cement which itself 
can cause damage to the casing. 

We have now devised an improved method and 
plug apparatus whereby the correct cement slurry dis- 
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placement fluid volume can be reliably and accurately 
determined prior to displacing the cement slurry in a pri- 
mary cementing operation. 

According to the present invention, there is provid- 
ed a method of cementing a siring of casing disposed 
in a wellbore which includes a float collar or the like con- 
nected therein, which method comprises the steps of: 

(a) releasing a closed displacement plug into said 
casing which plug is selectively openable after land- 
ing on said float collar: 

(b) pumping a first displacement fluid behind said 
closed displacement plug while measuring the 
quantity of said first displacement fluid being 
pumped until said displacement plug is displaced 
through said casing and lands on said float collar: 

(c) causing said displacement plug to open: 

(d) pumping a cement slurry into said casing in a 
predetermined quantity required to fill the annulus 
between the exterior of said casing and the walls of 
said well bore with said cement slurry: and 

(e) releasing a top cementing plug into said casing 
and pumping a second displacement fluid behind 
said top cementing plug to displace said cement 
slurry through said casing and through said open 
displacement plug into said annulus. said second 
displacement fluid being pumped in a quantity sub- 
stantially equal to the quantity of said first displace- 
ment fluid as measured in accordance with step (b) 
thereby ensuring that said cement slurry is not un- 
der or over displaced in said annulus. 

The invention also provides an assembly adapted 
to be connected to a string of drill pipe or a circulation 
toolfor use in cementing a string of casing disposed in 
a well bore, the casing including a float collar or the like 
connected thereto, which assembly comprises: 

a top cementing plug connected to said drill pipe or 
circulation tool, having an internal opening extend- 
ing therethrough and being selectively releasable 
from said drill pipe or circulation tool: 
a bottom cementing plug connected to said top ce- 
menting plug having an internal opening extending 
therethrough, being selectively releasable from 
said top cementing plug and being selectively open- 
able to allow the passage of fluids therethrough: 
and 

a displacement plug connected to said bottom ce- 
menting plug having an internal opening extending 
therethrough, being selectively releasable from 
said bottom cementing plug and being selectively 
openable to allow the passage of fluids there- 
through. 

In order that the invention may be more fully under- 
stood, various embodiments thereof will now be de- 
scribed, by way of example only, with reference to the 


accompanying drawings, wherein: 

FIGURE 1 A is a side cross-sectional view of a well 
bore and a casing to be cemented therein having 
5 one embodiment of a cementing plug assembly of 
the present invention installed in its initial position 
in the casing: 

FIGURE 1 B is a view similar to FIG. 1 A. but showing 
the well bore and casing after a displacement plug 

10 of the cementing plug assembly has been released 
and landed on a float collar in the casing. 
FIGURE 1C is a view similar to FIG. IB. but showing 
the well bore and casing after a bottom plug of the 
cementing plug assembly has been released and 

'5 landed on the displacement plug. 

FIGURE ID isaviewsimilartoFIG. 1C. but showing 
the well bore and casing after a top plug of the ce- 
menting plug assembly has been released and 
landed on the bottom plug. 

20 FIGURE 2 is an enlarged side cross-sectional view 
of the cementing plug assembly of FIG. 1. 
FIGURE 3 is a partial side cross-sectional view sim- 
ilar to FIG. 2 illustrating the displacement plug of the 
cementing plug assembly after it has been re- 

25 leased. 

FIGURE 4 is a side cross-sectional view similar to 
FIG. 3 illustrating the displacement plug after it has 
landed on a float collar or the like and opened. 

30 Referring now to the drawings and particularly to 
FIGS. 1A-1D. an example of a well cementing plug as- 
sembly of the present invention is illustrated and gener- 
ally designated by the numeral 10. The plug assembly 
1 0 is shown positioned within a string of casing 1 2 which 

35 is suspended in a well bore 14 preparatory to being ce- 
mented therein. The plug assembly 10 is in its initial po- 
sition in the casing 1 2 whereby it is releasably connect- 
ed to the lower end of a string of drill pipe or a conven- 
tional circulation tool 16. The casing 1 2 includes a con- 

■^0 ventional float collar 24 connected therein near the bot- 
tom thereof. A conventional float shoe 32 is connected 
to the bottom end of the casing 12 separated from the 
float collar 24 by a distance 30. 

The cementing plug assembly 10 is basically com- 

•^5 prised of a selectively operable displacement plug 18 
which is releasably connected to a selectively operable 
bottom cementing plug 20. The bottom cementing plug 
20 is in turn releasably connected to a top cementing 
plug 22. The top cementing plug 22 is releasably con- 

50 nected to the drill pipe or circulation tool 16. 

The displacement plug 18 and bottom cementing 
plug 20 are both separately closed and released by 
dropping different sizes of releasing plugs, e.g., balls, 
therein and then increasing the differential fluid pres- 

55 sures exerted on the plugs to predetermined differential 
fluid pressures which cause their release as will be de- 
scribed further hereinbelow. When the displacement 
plug 1 8 lands oathe float shoe 24 and when the bottom 
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plug 20 lands on the displacement plug 15. the plugs 
are separately caused to open. That is. the displace- 
ment and bottom plugs are opened by again increasing 
the differential fluid pressures exerted on them to pre- 
determined differential fluid pressures. The top cement- 
ing plug 22 is also closed and released by dropping a 
releasing plug. e.g.. a drill string or tubing plug, therein 
and exerting a predetermined differential fluid pressure 
thereon. 

Referring now specifically to FIGS. iB-ID, the 
methods of the present invention will be described. As 
previously mentioned, both the casing 1 2 to be cement- 
ed and the well bore 14 are usually filled with drilling 
fluid prior to commencing primary cementing opera- 
tions. After suspending the casing string 12 in the well 
bore 14 and positioning the cementing plug assembly 
1 0 within the casing 1 2 as shown in FIG. 1 A. a releasing 
plug of a predetermined relatively small size (not shown) 
which will be described in greater detail hereinbelow is 
dropped into and caused to be moved in a known man- 
ner through the drill string or circulation tool 1 6. through 
the plug assembly 10 and into the displacement plug 18. 
The releasing plug closes the displacement plug 18 and 
a first predetermined differential fluid pressure is then 
exerted on the displacement plug 18 which causes its 
release from the assembly 1 0. A first displacement fluid, 
such as drilling fluid, is pumped behind the closed dis- 
placement plug so that the displacement plug is moved 
through the casing and lands on the float collar 24 as 
shown in FIG. IB. The displacement plug 18 slidably 
and sealingly engages the walls of the casing 12 as it is 
moved through the casing and it separates and prevents 
mixing of the fluids on its opposite sides, i.e.. drilling fluid 
26 below the displacement plug 1 8 which was in the cas- 
ing prior to the release of the displacement plug 1 8 and 
the first displacement fluid 28 above the displacement 
plug 18. As the displacement plug 18 is moved through 
the casing 1 2. the quantity of the first displacement fluid 
being pumped is measured by a volume meter, a pump 
stroke counter or other volume measurement device 
whereby when the displacement plug IS lands on the 
float collar 24, the total quantity of displacement fluid 
required to move the displacement plug 1 8 from the as- 
sembly 10 to the float shoe is known. 

As is well known to those skilled in the art. when the 
displacement plug 18 lands on the float collar 24, the 
movement of the displacement plug 18 and the flow of 
the first displacement fluid is stopped whereby the pres- 
sure within the casing 12 above the displacement plug 
18 is increased. Such pressure increase is seen in the 
displacement fluid pressure indicated at the surface 
whereby the drilling rig operator knows the displace- 
ment plug 18 has landed and can then observe or oth- 
erwise determine the total quantity of the first displace- 
ment fluid pumped. Thereafter the first displacement 
fluid pressure is increased by continued pumping until 
a second predetermined differential fluid pressure is 
reached which opens the displacement plug 18 in a 


manner which will be described heretnbelow. 

As described above, a length 30 of the casing 1 2 
extends between the float collar 24 and the float shoe 
32 attached to the bottom end of the casing 1 2. As pre- 

5 viously mentioned- the length of casing 30 between the 
float collar 24 and the float shoe 32 is known in the art 
as the shoe track and wilt be referred to hereinafter as 
the shoe track 30. During the travel of the displacement 
plug 18 from the assembly 10 to the float collar 24. the 

w drilling fluid 26 below the displacement plug 18 is dis- 
placed through the float collar 24. through the shoe track 
30 and through the float shoe 32 into the annulus 34 
between the casing 1 2 and the walls of the well bore 1 4. 
Once the displacement plug 18 has landed on the float 

'5 collar 24. the total quantity of the first displacement fluid 
pumped has been measured and the displacement plug 
18 has been opened, a second releasing plug of a pre- 
determined medium size as compared to the first releas- 
ing plug is dropped into the bottom cementing plug 20 

20 whereby the bottom cementing plug 20 is closed. A ce- 
ment slurry 36 is then pumped through the drill string or 
circulation tool 16 whereby a third predetermined differ- 
ential fluid pressure is exerted on the bottom cementing 
plug 20 and it is released. The cement slurry 36 is 

25 pumped into the casing 1 2 behind the bottom plug 20 in 
a predetermined quantity required to fill the annulus 34. 
As the bottom plug 20 moves through the casing 1 2, the 
first displacement fluid 23 is displaced through the dis- 
placement plug 13, through the float collar 24, through 

30 the shoe track 30. through the float shoe 32 and into the 
annulus 34. The cement slurry 36 is pumped, and if nec- 
essary displaced, into the casing 1 2 until the bottom plug 
20 lands on the displacement plug 18 as shown in FIG. 
1C. The pumping or displacement of the cement slurry 

35 36 is then continued to increase the fluid pressure ex- 
erted on the bottom cementing plug 20 until a fourth pre- 
determined differential fluid pressure is reached which 
causes the bottom cementing plug 20 to open and the 
cement slurry 36 to flow through it, through the displace- 

-^0 ment plug 18, through the float collar 24, through the 
shoe track 30, through the float shoe 32 and into the 
annulus 34. 

When the predetermined quantity of cement slurry 
36 has been pumped into the casing 12. a third releasing 

-^5 plug of a predetermined large size as compared to the 
second releasing plug is dropped into the top cementing 
plug 22 which closes the top cementing plug 22. A sec- 
ond displacement fluid 38, which preferably is the same 
as or at least has very similar properties to the first dis- 

50 placement fluid 28 used, is pumped behind the top ce- 
menting plug 22. The fluid pressure exerted on the top 
cementing plug 22 by the second displacement fluid 38 
is increased to a fifth predetermined differential fluid 
pressure which causes the top cementing plug 22 to be 

55 released. Thereafter a quantity of the second displace- 
• ■ ment fluid 38 substantially equal to the previously meas- 
ured quantity of the first displacement fluid 28 is 
pumped. The pumped quantity of the second displace- 
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is 


nr.'.v I fluid 3c is preferably measured using the same 
flow meter or other measuring device which was used 
to measure the quantity of the first displacement fluid 
thereby assuring that the two quantities are the same or 
substantially the same. 5 

The cement slurry 36 is displaced through the cas- 
ing 12, through the bottom cementing plug 20. through 
the displacement plug 18. through the float collar 24, 
through the shoe track 30 and through the float shoe 32 
into the annulus 34 as shown in FIG. 1 D. When the top 'O 
cementing plug 22 lands on the bottom cementing plug 
20, the top cementing plug terminates the flow of the 
second displacement fluid 38 and prevents it from flow- 
ing into the shoe track 30 or the annulus 34. The pump- 
ing of the measured quantity of the second displace- 
ment fluid 38 allows the rig operator to know that the top 
plug 22 has landed whereupon the operator can pro- 
ceed to pressure test the casing 12 and associated 
equipment. The cement slurry 36 in the annulus 34 and 
the shoe track 30 is then allowed to set whereby the cas- 20 
ing 1 2 and shoe track 30 are cemented in the well bore. 
Thereafter, the displacement plug 18, the cementing 
plugs 20 and 22, the internals of and set cement in float 
collar 24, the set cement in the shoe track 30 and the 
internals of and set cement in the float shoe 32 are all ^5 
drilled out of the casing 12 whereupon the well is com- 
pleted or additional well bore is drilled below the casing 
12. 

In accordance with the present invention, the quan- 
tity of the second displacement fluid 38 utilized for dis- 30 
placing the top cementing plug 22 and the cement slurry 
36 through the casing 12 and into the annulus 34 is a 
quantity substantially equal to the quantity of the first 
displacement fluid 28 measured when the displacement 
plug 18 was displaced through the casing 12 with the 55 
first displacement fluid 28. The first and second dis- 
placement fluids are preferably the same or very similar 
fluids, e.g., drilling fluid, and are preferably measured 
by the same flow meter or other measuring device to 
ensure as much as possible that the quantities of the -^o 
first and second displacement fluids are equal or at least 
substantially equal. Thus, the quantity of the second dis- 
placement fluid 38 required to displace the cement slur- 
ry 36 into the annulus 34 and land the top cementing 
plug 22 is positively determined. 

By utilizing the methods of this invention, a rig op- 
erator is assured of an accurate determination of the 
quantity of second displacement fluid 38 required and 
that the cement slurry 36 will not be under displaced or 
over displaced in the annulus 34. This in turn allows the 
operator to eliminate or at least drastically shorten the 
shoe track 30 utilized at the bottom of the casing string 
as well as the amount of excess set cement required to 
'be drilled out of the casing 12. 

As will be uriderstood by those skilled in the art. 55 
some operators may prefer to omit the use of the bottom 
cementing plug 20, and instead utilize a two plug as- 
sembly consisting of the displacement plug 18 and the 
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top cementing plug 20 Also as will be understood, the 
displacement plug and one or two cementing plugs used 
can be released from the surface separately in any suit- 
able manner and do not necessarily need to be releas- 
ably connected in an assembly as described above. 

Referring now to FIGS. 2-4. the cementing plug as- 
sembly 10 is illustrated in detail. The assembly 10 is 
comprised of the displacement plug 18 which is releas- 
ably connected to the bottom cementing plug 20 by a 
differential fluid pressure activated releasing and open- 
ing assembly 40. The bottom cementing plug 20 is re- 
leasably connected to the top cementing plug 22 by a 
differential fluid pressure activated releasing and open- 
ing assembly 42 which is of the same design as the as- 
sembly 40. The top cementing plug 22 is releasably con- 
nected to the drill string or circulation tool 1 6 by a differ- 
ential fluid pressure activated rejeasirig assembly 44^ 
The displacement plug 18 includes an internal pas- 
sageway 46 extending therethrough. A catcher plate 48 
having openings 50 therethrough is attached within the 
passageway 46 of the displacement plug 1 8 at the lower 
end thereof and the differential fluid pressure activated 
releasing and opening assembly 40 is attached within 
the upper end of the passageway 46. The releasing and 
opening assembly 40 is comprised of a sleeve 52 which 
interconnects between the displacement plug 18 and 
the bottom cementing plug 20. That is, a threaded insert 
54 is threadedly connected within the passageway 46 
of the displacement plug 18 and Jh e sleeve 52 slid ably 
extends into the insert 54. At least one shear pin 56 is 
connected between the sleeve 52 and the insert 54. The 
shear pin 56 is sized so that it shears when the above 
mentioned second predetermined differential fluid pres- 
sure required to open the displacement plug 18 is ex- 
erted between the insert 54 and the sleeve 52. The in- 
sert 54 also includes an annular groove containing a 
seal ring, both designated by the numeral 58, for pro- 
viding a seal between the insert 54 and the sleeve 52. 

The bottom cementing plug 20 includes an internal 
passageway 60 extending therethrough, and an insert 
62 is threadedly connected within the passageway 60 
at the lower end of the top cementing plug 20. The top 
end of the sleeve 52 slidably extends within the insert 
62 and is attached thereto by at least one shear pin 64 
extending between the insert 62 and the sleeve 52. The 
shear pin 64 is sized so that it shears at the above men- 
tioned first predetermined differential fluid pressure re- 
quired to release the displacement plug 1 8 which is low- 
er than the second predetermined differential fluid pres- 
sure required \o shear the shear pin 56. The insert 62 
includes an annular groove containing a seal ring, both 
designated by the numeral 66, for providing a seal be- 
tween the insert 62 and the sleeve 52. The bottom ce- 
menting plug 20 also includes a catcher plate 68 having 
openings 69 therein threadedly'connected in the pas- 
sageway 60 above the insert 62. The sleeve 52 includes 
a small diameter bore 70 and a larger diameter counter 
bore 72 which form a tapered seating surface 74 for re- 
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ceiving a small size closing plug, e.g., thej^alt 75_shown 

in FIGS. 3 and 4 

The predetermined differential fluid pressure acti- 
vated releasing and opening assembly 42 interconnect- 
ing the bottom plug 20 and the top plug 22 is essentially 
the same as the above described assembly 40. That is. 
the bottom plug 20 includes an insert 75 threadedly con- 
nected within the passageway 60 thereof. A sleeve 78 
is slidably disposed within the insert 76. and at least one 
shear pin 50 is connected between the insert 76 and the 
sleeve 7S. The shear pin 50 is sized so that it shears 
when the above mentioned fourth predetermined differ- 
ential fluid pressure required to open the displacement 
plug 20 is exerted between the insert 76 and the sleeve 
73. An annular groove containing a seal ring, both des- 
ignated by the numeral 52. is disposed in the insert 76 
for providing a seal between the insert 76 and the sleeve 
73. 

The upper end of the sleeve 78 extends into an in- 
ternal recess 84 in a tubular member 86 which extends 
through and is threadedly connected to the top cement- 
ing plug 22. A shear pin 68 is connected between the 
tubular member 56 and the sleeve 78 which is sized so 
that it shears when the above mentioned third predeter- 
mined differential fluid pressure required to release the 
bottom plug 20 is exerted between the sleeve 78 and 
the tubular member 86. The differential pressure at 
which the shear pin 38 shears is lower than the differ- 
ential pressure at which the previously described shear 
pin 80 shears. The shear pins 80 and 88. however shear 
at a higher differential pressure than the previously de- 
scribed shear pins 56 and 72. An annular groove con- 
taining a seal ring, both designated by the numeral 90, 
is disposed in the tubular member 86 for providing a seal 
between it and the sleeve 78. Like the sleeve 52 of the 
assembly 40, the sleeve 78 of the assembly 42 includes 
a small diameter bore 81 and a larger diameter counter 
bore 83 which form a tapered seating surface 85 for re- 
ceiving a medium size closing plug (not shown). 

The third differential fluid pressure activated releas- 
ing assembly 44 interconnected between the top ce- 
menting plug 22 and the drill string or circulation tool 1 6 
includes a coupling 92 threadedly connected to the drill 
string or circulation tool 16. The portion of the coupling 
92 below the threads thereof includes an internal bore 
94 and a second larger internal bore 96 which form a 
beveled shoulder 93 in between. A collet 100 which is 
threadedly connected to the top of the tubular member 
86 of the top cementing plug 22 extends into the cou- 
pling 92. The upper end of the collet 100 includes a plu- 
rality of collet fingers 102 connected to head portions 
104. The head portions 104 of the collet 100 are en- 
gaged and retained by the beveled shoulder 98 in the 
coupling 92. The collet 1 00 includes an internal bore 1 06 
which forms an upwardly facing shoulder 1 08 at the low- 
er end thereof. Thus, the top plug includes an internal 
opening 115 extending therethrough which is provided 
by the coupling 92. the collet 1 00. and the tubular mem- 


ber 56. 

A releasing sleeve nO is slidably disposed within 
the collet 100 which includes an internal annular seat 
112 at the top end thereof for receiving a large size re- 

s teasing plug {not shown). The releasing sleeve includes 
an annular groove containing a seal ring, both designat- 
ed by the numeral 114. disposed therein for providing a 
seal between it and the internal bore 106 of the collet 
100. As will be understood by those skilled in the art, in 

10 the position illustrated in FIG. 2. the releasing sleeve 
110 keeps the head portions 104 of the collet fingers 
102 engaged with the beveled shoulder 98 of the cou- 
pling 92. The coupling 92 includes an annular groove 
containing a seal ring, both designated by the numeral 

'5 93. disposed therein for providing a seal between it and 
the outside surfaces of the collet 100. A second annular 
groove containing a seal ring, designated by the numer- 
al 95, is disposed in the coupling 92 for providing a seat 
between it and the drill string or circulation tool 16. At 

20 least one shear pin 116 is connected between the collet 
1 00 and the releasing sleeve 1 1 0 whereby the releasing 
sleeve 110 is held in the upper collet retaining position 
shown in FIG. 2. The shear pin 116 is sized so that it 
shears when the previously mentioned fifth predeter- 

25 mined differential fluid pressure required to release the 
top plug 22 is exerted on the releasing sleeve 110. The 
differential fluid pressure at which the shear pin 116 
shears is higher than the differential fluid pressure at 
which the previously described shear pin 80 shears. 

30 When the shear pin 1 1 6 shears the releasing sleeve 1 1 0 
moves to a lower position whereby the bottom end 
thereof engages the upwardly facing shoulder 108 of the 
collet 100 and the heads 104 of the collet fingers 102 
disengage from the coupling 92 whereby the top plug is 

35 released. 

Thus, the well cementing plug assembly 10 of the 
present invention is connected to a string of drill pipe or 
a circulation tool 16 and is used for cementing a string 
of casing which includes a float collar and/or a float shoe 

-^0 in a well bore. The assembly 10 basically comprises a 
top cementing plug 22 connected to the drill pipe or cir- 
culation tool 16 which has an internal opening 115 ex- 
tending therethrough and is selectively releasable from 
the drill pipe or circulation tool 1 6 when a closing releas- 

•^5 ing plug of a predetermined large size is dropped into 
the top cementing plug 22 and a predetermined differ- 
ential fluid pressure is exerted thereon. 

A bottom cementing plug 20 is releasably connect- 
ed to the top cementing plug 22 which also has an in- 

50 ternal opening 60 extending therethrough. The bottom 
cementing plug 20 is selectively releasable from the top 
cementing plug 22 when a closing releasing plug of a 
predetermined medium size is dropped into the bottom 
cementing plug 20 and a first predetermined differential 

55 fluid pressure is exerted on the bottom cementing plug. 
The bottom cementing plug 20 is also selectively open- 
able to allow the passage of fluids therethrough when a 
second predetermined differential fluid pressure is ex- 
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erted thereon. 

A displacement plug 1= is releasably conr -acted to 
the bottom cementing plug 20 having an internal open- 
ing 46 extending therethrough. The displacement plug 
18 is selectively releasable from the bottom cementing 
plug when a closing releasing plug 75 of a predeter- 
mined small size is dropped into the displacement plug 
18 and a first predetermined differential fluid pressure 
is exerted on the displacement plug 13. The displace- 
ment plug 13 is also selectively openable to allow the 
passage of fluids therethrough when a second prede- 
termined differential fluid pressure is exerted thereon. 

Referring now to FIGS. 3 and 4. the operation of the 
displacement plug 15 and the first differential fluid pres- 
sure activated releasing and opening assembly 40 at- 
tached thereto is illustrated. When the small size releas- 
ing plug 75 (shown in the form of a ball) is dropped into 
the assembly 10. it passes through the assembly 10 into 
engagement with the tapered seating surface 74 in the 
sleeve 52 whereby the opening in the sleeve 52 is 
closed. Thereafter, a first predetermined differential fluid 
pressure is exerted on the displacement plug 18. i.e., 
between the closed sleeve 52 and the insert 62. where- 
by the shear pin 64 is sheared. The shearing of the shear 
pin 64 releases the displacement plug 18 as illustrated 
in FIG. 3. 

When the displacement plug lands on the float col- 
lar 24 as shown in FIG. 4 and the second predetermined 
differential fluid pressure is exerted thereon, i.e., be- 
tween the insert 54 attached to the displacement plug 
13 and the closed sleeve 52. the shear pin 56 is sheared. 
The shearing of the shear pin 56 allows the closed 
sleeve 52 to move downwardly out of engagement with 
the insert 54 to a position where it is held within the dis- 
placement plug 19 by the catcher plate 48 as illustrated 
in FIG. 4. The downward movement of the closed sleeve 
52 opens the passageway 46 through the displacement 
plug 18 whereby fluids are free to flow through the dis- 
placement plug 13. 

The bottom cementing plug 20 and the differential 
fluid pressure activated releasing and opening assem- 
bly 42 interconnected between it and the top cementing 
plug 22 function in the same way as the above described 
displacement plug 18 and the assembly 40 except that 
a medium sized releasing plug (not shown) is dropped 
Into the sleeve 78 of the assembly 42. A first predeter- 
mined differential fluid pressure is then exerted on the 
bottom cementing plug 20. i.e., between the tubular 
member 86 of the top cementing plug 22 and the closed 
sleeve 78, to shear the shear pin 88 and release the 
cementing plug 20. When the cementing plug 20 lands 
on the displacement plug 19, a second predetermined 
differential fluid pressure is exerted on the bottom ce- 
menting plug 20, i.e.. between the closed sleeve78 and 
the insert 76. to cause the cementing plug 20 to be 
opened in the same manner as described above for the 
displacement plug 18. 

When a large size releasing plug (not shown) which 


can be in the form of a ball, a tubing plug or the like, is 
dropped into the releasing assembly 44 of the top ce- 
menting plug 22. It closes the releasing sleeve 110. 
When a predetermined differential fluid pressure is ex- 

5 erted on the closed releasing sleeve 110. it is moved 
downwardly whereby the top cementing plug 22 is re- 
leased as previously described. 

As is well understood by those skilled in the art. the 
' displacement plug utilized in accordance with this inven- 

/o tion can be released from the surface or from a sub-sur- 
face position into the casing to be cemented using any 
of a variety of known techniques and hand or mechan- 
ically operated equipment. Also, only one cementing 
plug in addition to the displacement plug can be utilized. 

'5 A variety of cementing plug assemblies which in- 
clude two cementing plugs, i.e.. a bottom cementing 
plug releasably interconnected to a top cementing plug 
which is in turn releasably connected to a drill pipe or 
circulation tool, have been developed and used hereto- 

20 fore. Such two cementing plug assemblies have includ- 
ed various mechanisms for closing, releasing and then 
opening the cementing plugs during a primary cement- 
ing operation, all of which are well known to those skilled 
in the art. While a presently preferred plug assembly 10 

2S of the present invention including two cementing plugs 
and a displacement plug has been described above, nu- 
merous changes in the design and arrangement of the 
various parts of the assembly as well as to the various 
steps of the methods of this invention can be made by 

30 those skilled in the art. 


Claims 

05 1, A method of cementing a string of casing (12) dis- 
posed in a wellbore ( 1 4) which includes a float collar 
(24) or the like connected therein, which method 
comprises the steps of: 

40 (a) releasing a closed displacement plug (18) 

into said casing (12) which plug is selectively 
openable after landing on said float collar (24): 

(b) pumping a first displacement fluid (28) be- 
hind said closed displacement plug (18) while 

45 measuring the quantity of said first displace- 

ment fluid (28) being pumped until said dis- 
placement plug (18) is displaced through said 
casing (12) and lands on said float collar (24): 

(c) causing said displacement plug (18) to 
50 open: 

(d) pumping a cement slurry (29) into said cas- 
ing (1 2) in a predetermined quantity required to 
fill the annulus between the exterior of said cas- 
ing (12) and the walls of said well bore (14) with 

55 said cement slurry (28): and 

(e) releasing a top cementing plug (22) into said 
casing (12) and pumping a second displace- 
ment fluid (38) behind said top cementing plug 
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(22) to displace said cement slurry through said 
casing and through said open displacennent 
plug (IE) into said annulus. said second dis- 
placement fluid (38) being pumped in a quantity 
substantially equal to the quantity of said first 
displacement fluid (2S) as measured in accord- 
ance with step (b) thereby ensuring that said 
cement slurry (28) is not under or over dis- 
placed in said annulus. 

2. A method according to claim 1 . which further com- 
prises the steps of releasing a closed but selectively 
openable bottom cementing plug (20) into said cas- 
ing (12) after causing said displacement plug (18) 
to open in accordance with step (c) and before said 
cement slurry is pumped in accordance with step 
(d) and causing said bottom cementing plug (20) to 
open after it lands on said displacement plug (18). 

3. A method according to claim 1 or 2. wherein said 
first (28) and second (3 8) displacement fluids are 
fluids having the same or similar properties, and 
preferably are portions of the drilling fluid used for 
drilling said well bore (14). 

4, A method according to claim 1 , 2 or 3, wherein said 
string of casing ( 1 2) includes a float shoe (32) con- 
nected at the bottom end thereof and a length (30) 
of casing between said float collar (24) and said 
float shoe (32) to provide additional protection 
against over displacing said cement slurry in said 
annulus. 

5, A method according to claim 2. wherein said dis- 
placement plug (18). said bottom cementing plug 
(20) and said top cementing plug (22) are releasa- 
bly connected in an open tubular assembly (10), 
and said method further comprises connecting said 
assembly to a string of drill pipe ( 1 6) or a circulation 
tool disposed within the top of said string of casing 
prior to performing step (a). 


sembly comprises: 

a top cementing plug (22) connected to said drill 
pipe or circulation tool (16), having an internal 
5 opening (46) extending therethrough and being 

selectively releasable from said drill pipe or cir- 
culation tool: 

a bottom cementing plug (20) connected to said 
top cementing plug (22) having an internal 

w opening extending therethrough, being selec- 

tively releasable from said top cementing plug 
(22) and being selectively openable to allow the 
passage of fluids therethrough: and 
a displacement plug ( 1 8) connected to said bot- 

'5 tom cementing plug (20) having an internal 

opening extending therethrough, being selec- 
tively releasable from said bottom cementing 
plug (20) and being selectively openable to al- 
low the passage of fluids therethrough. 

20 

9. An assembly according to claim 8, wherein said top 
cementing plug (22) Is releasable from said drill pipe 
or circulation tool ( 1 6) when a closing releasing plug 
of a predetermined large size is dropped thereinto 

25 and a predetermined differential fluid pressure is 
exerted thereon: and/or said bottom cementing plug 
(20) is released from said top cementing plug (22) 
when a closing releasing plug of a predetermined 
medium size is dropped thereinto and a predeter- 

30 mined differential fluid pressure is exerted thereon: 
and/or said displacement plug ( 1 8) is released from 
said bottom cementing plug (20) when a closing re- 
leasing plug of a predetermined small size is 
dropped thereinto and a predetermined differential 

35 fluid pressure is exerted thereon. 

10. An assembly according to claim 9, wherein said bot- 
tom cementing plug (20) and/or said displacement 
plug (18) is opened when a predetermined differen- 

•io tial fluid pressure is exerted thereon. 


6. A method according to claim 5. wherein said dis- 
placement (18) and cementing (20.22) plugs are 
separately closed and released by dropping releas- 
ing plugs therein and exerting predetermined differ- 
ential fluid pressures thereon. 


45 


A method according to claim 2. 5 or 6, wherein said 
displacement plug (18) and said bottom plug (20) 
are caused to open by exerting predetermined dif- 
ferential fluid pressures thereon. 


50 


8, A well cementing plug assembly (10) adapted to be 
connected to a string of drill pipe or a circulation tool 
(16) for use in cementing a string of casing (12) dis- 
posed in a well bore ( 1 4), the casing including a float 
collar (24) or the like connected thereto, which as- 
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